ABSTRACT. The olive tree is an iconic tree of the Mediterranean, and is used extensively to produce high-quality olive oil. Although the China olive industry has just begun to be valued, there were also existed mislabeling and synonyms in introduced cultivars. The aim of this study was to analyze genetic similarities among olive cultivars in China using SSR and ISSR techniques. Thirty-two samples were collected from Xichang. Five of these cultivars were issued from a Chinese breeding program. Genomic DNA samples were extracted from young leaves and PCR was used to generate SSR and ISSR markers. A total of 107 polymorphic bands were detected on thirteen SSR loci, with an average of eight alleles per locus. The observed heterozygosity ranged from 0.785 (DCA03) to 0.990 (GAPU47), and the expected heterozygosity varied between 0.782 (DCA03) and 0.940 (GAPU103A). The discrimination power ranged from 0.57 to 0.83, while the polymorphism information content values ranged from 0.768 (DCA03) to 0.934 (GAPU103A). Nine ISSR primers generated 85 reproducible bands of which 78 (91.8%) were polymorphic. Based 5959 Genetic similarities among olive cultivars in China ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (2): 5958-5969 (2015) on our data, genetic similarity between cultivars ranged from 0.57 to 0.83. Cluster analysis revealed that 32 cultivars were clustered into six groups, which supports similar morphology such as use, oil content and fruit weight but not similar geographical origins. Our data also allow the identification of unknown cultivars and cases of synonyms.
INTRODUCTION
The olive tree (2n = 2x = 46) is an ancient woody crop with more than 46,000 years of cultural history, and is mainly distributed around the Mediterranean basin. In recent decades, olive trees have been introduced and cultivated in the United States, Australia, South Africa, China and in other countries (Breton et al., 2006) . Olive has become one of the major oil crops in some countries because it can produce a high quality oil with great economic value (Bandelj et al., 2004) .
At present, olive cultivars are identified using biochemical and molecular markers such as isoenzymes (Lumaret et al., 2004) , RAPDs (Martins-Lopes et al., 2008) , AFLPs (Montemurro et al., 2008) , SSRs (Sefc et al., 2000; Cipriani et al., 2002; Erre et al., 2010) , ISSRs (Souza et al., 2012) , SCARs (Pafundo et al., 2007) , and SNPs (Belaj et al., 2012) . Molecular markers are valuable tools that can be used to study olive genetics, and have been applied to the identification of cultivars.
For instance, ISSR and SSR markers were used to analyze 41 olive cultivars and resulted in an efficient distinction of each accession (Gomes et al., 2009) . Ganino et al. (2007) identified ancient cultivars in the Emilia region, Northern Italy, and revealed a large amount of genetic diversity among their sample of 109 cultivars. Belaj et al. (2004) used RAPD and AFLP markers and effectively revealed intra-cultivar variability, and distinguished individuals obtained by clonal selection of the olive varieties 'Arbequina' and 'Manzanilla de Sevilla'. Genetic analyses have also allowed the study of the olive domestication and the identification of several cultivated genetic pools in the Mediterranean basin (Belaj et al., 2012; Besnard et al., 2013) .
The history of olive introduction and cultivation in China is recent and little research has focused on this species, especially with regard to genetic diversity and germplasm resources. Statistical analysis has shown that olive oil imports in six months of the 2012/2013 crop year (October 2012 -March 2013 rose by 17% in China, reaching a total of 22,640.9 t (IOC). So far, China has introduced a large number of olive cultivars, and the main varieties are Arbequina, Mixaj, Frantoio, Leccino, Kokermadh I Berat, and Picual. Therefore, the study of genetic relationships is important for olive breeding and production. The olive cultivars grown in China have been recently studied with RAPD, SSR, and ISSR genetic markers (Qiu et al., 2008; Chen et al., 2013) , but the genetic relationships between introduced and local cultivars were not investigated. Moreover, the number of cultivars investigated in these studies was limited. Many Chinese cultivars were cloned from seedling selection or cross-breeding according to introduced cultivars (Li and Yu, 2012) . This shows that Chinese domesticated breeding and introduced cultivars have common genetic backgrounds. However, Chinese breeding cultivars are influenced by the external environment and are grown in different areas in China. Therefore, these cultivars have rich genetic diversity, and more synonymy or homonymy were found in Chinese breeding cultivars.
The aim of this study was to evaluate the genetic relationships of 32 olive cultivars grown in Xichang using a combination of SSR and ISSR, and to assess the reliability of these two marker types in combination.
MATERIAL AND METHODS

Plant materials
Thirty-two olive varieties were collected from Sichuan Liang Shan New Technology Development Co., Ltd. in China (Table 1) and leaves were stored at -70°C. The samples included five Chinese breeding cultivars (Table 2) , 'Ezhi', 'Zhongsan 24', 'Chenggu 32', 'Yun Tai 14', and 'Zhang Lin', and 27 introduced cultivars (Figure 1 ). 
DNA extraction
Total genomic DNA was extracted from young olive leaves using the modified CTAB method (Saghai-Maroof et al., 1984) . The isolated DNA was dissolved in 100-µL of TE buffer (10 mM Tris-HCl, pH 8.0; 1 mM EDTA, pH 8.0) and 5-µL RNase (10 mg/mL) was added. The genomic DNA was stored at -20°C for SSR and ISSR assays.
SSR analysis
Thirteen pairs of SSR markers (Table 3) were selected among the microsatellite sets that have been previously described GAPU (Carriero et al., 2002) , UDO (Cipriani et al., 2002) , DCA (Sefc et al., 2000) . Screening was based on the level of polymorphism and the availability of genetic profiles.
SSR-PCR has been previously described in detail (Rallo et al., 2000) . Amplification was performed using a Bio-Rad S1000 TM Thermal cycler (USA) in a 25-µL volume mixture with 2.5 µL 10X PCR buffer, 0.2-mM dNTPs, 2.5-mM MgCl 2 , 0.2-µM primer (Invitrogen TM , China), 30-ng genomic DNA and 1-U Taq DNA polymerase (Tiangen, ET101). The PCR steps included an initial denaturation for 5 min at 94°C; 30 cycles of 30 s at 94°C, 30 s at the annealing temperature primer pair dependent (Table 3 ); and 40 s at 72°C; the program was completed by a 5-min extension at 72°C.
The PCR amplification products were visualized following electrophoresis in a 3% agarose gel in 1X TBE buffer at 80 V for 50 min. Next, amplification products were separated by 8% polyacrylamide gel electrophoresis, in 0.5X TBE buffer at 120 V for 2 h. Finally, silver staining (Caetano-Anollés and Gresshoff, 1994) was performed with some modifications. The pBR322 DNA MspI (Tiangen, MD206) was used as a standard DNA molecular weight marker. Gels were photographed under UV light using the Gel Doc TM EZ System (Bio-Rad) and the images were analyzed using Image Lab TM 3.0.
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ISSR analysis
The ISSR-PCR mixture reaction and conditions were based on a study by Martins-Lopes et al. (2007) . Twelve ISSR primer sets, published by the University of British Columbia Laboratory, and nine primers (Table 4) were used for test analyses. The amplification reaction was carried out in a 25-µL volume containing 50-ng DNA, 2.5-µL 10X PCR buffer, 0.2-mM dNTPs, 2.5-mM MgCl 2 , 0.15-µM primer (Invitrogen TM , China) and 1-U Taq DNA polymerase (Tiangen, ET101). The PCR reaction steps comprised an initial denaturation step for 5 min at 94°C; 35 cycles of 35 s at 94°C, 50 s at the primer annealing temperature (Table 4) , and 1 min at 72°C; with a final 5-min extension at 72°C. Afterwards, amplified products were separated by electrophoresis in 2% agarose gel in TBE buffer at 100 V for 50 min and photographed under UV light. Table 3 . Thirten microsatellite loci used in our study. For each locus, the primer sequences, annealing temperature (Ta), number of alleles, observed heterozygosity (H O ), expected heterozygosity (H E ), null allele frequency (Null), and polymorphism information content (PIC) are given. 
Data analysis
For SSRs and ISSRs, polymorphic fragments were scored as (1) for their presence and (0) for their absence. All ISSR bands not clearly identified were discarded. Genotypes of the 32 cultivars were analyzed according to the similarity matrix using the available alleles (Nei and Li, 1979) . Cluster analysis of genetic similarity was studied by constructing dendrograms via the unweighted pair-group method with arithmetic averages (UPGMA) using NTSYS-pc ver. 2.10e (Roiilf, 2000) . SSR data were also used to estimate the observed heterozygosity (H O ), expected heterozygosity (H E ), and polymorphism information content (PIC) using CER-VUS 3.0.3 (Kalinowski et al., 2007) .
where P i is the allele frequency and n is the number of alleles.
RESULTS
SSR polymorphism
In our study, the 13 SSR loci provide a total of 107 alleles from the 32 olive samples. The average of number alleles per primer was 8.6 (Table 3 ). In the whole sample, the average observed and expected heterozygosities (H O and H E ) based on SSRs was identical (0.934). PIC values ranged from 0.768 for DCA03 to 0.934 for GAPU103A, with an average of 0.894.
ISSR polymorphism
A total of 78 ISSR amplified polymorphic bands were identified using nine primers. The number of polymorphic bands per primer ranged from six for UBC880 to 11 for UBC 807, UBC809, UBC811, and UBC834 (Table 4) ; all the bands ranged from 250 to 2,400 bp. The bands amplified by primer UBC825 are shown in Figure 2 . The percentage of polymorphic bands ranged from 82 to 100%, with an average of 91.8%. We found that all cultivars could be distinguished using only two ISSR primers: UBC809 and UBC811. (Table 1) analyzed with primer UBC825. Lane M = D2000 DNA marker (TIANGEN).
Combination of SSRs and ISSRs to investigate genotype relationships
SSR and ISSR technology were combined to assess the genetic relationship between 32 olive cultivars. A dendrogram based on SSR and ISSR markers (107 SSR alleles and 78 ISSR fragments) was reconstructed with the similarity coefficient and the UPGMA algorithm (Figure 3 ). This dendrogram showed cultivars with a similarity coefficient ranging from 0.57 to 0.83. The lowest GS (genetic similarity) coefficient of 0.58 was obtained between the two cultivars 'Kalamata' and 'Kalinjot', and the highest GS coefficient of 0.83 was observed between the two cultivars 'Pendoline' and 'Greece 3#'.
All cultivars were clustered into six groups, and one independent branch 'Coratina' was observed. Group I contained 13 cultivars, with three local ('Zhongsan 24', 'Chenggu 32', and 'Yun Tai 14') and nine foreign cultivars. 'Zhongsan 24' and 'Ascolanatenera' (GS = 0.77) having the similar fruit weight (>6.13 g, Table 5 ) and oil content (>18%). Two Mixaj type 'Mixaj' and 'Mixaj I Dukat' were clustered together.
Group II comprised nine cultivars, which were clustered into two sub-groups. The first sub-group contained four cultivars ('Koroneiki', 'Kanine', 'Lianolia Kerkeyr' and 'Chemlai'), while the second sub-group contained five cultivars ('Frantoio', 'Greece 3#', 'Pendoline', 'Tance', and 'Zhang Lin'). 'Greece 3#' and 'Pendoline' were clustered into one group with a high GS of 0.94; these cultivars produce small fruits (1.5-2.0 g).
Group IV clustered two cultivars ('Arbequina' and 'Barnea') with a high oil content (>10%). The last group (group VI) clustered two cultivars 'Kalamata' and 'Kalinjot' with a common origin, but the genetic similarity of 0.58 was low and deviated from the main groups. One independent branch 'Coratina' is rarely planted in local olive plantations.
The principal coordinates analysis could also determine genetic relationships between 32 olive cultivars from 2 or 3-dimensional space. The genotypic diversity of all olive cultivars was analyzed using PCoA-3D based SSR and ISSR data, which is shown in Figure 4 .
The PCA of dim-1, 2, and 3 are the first, second, and third principal coordinates which explain 20.8% of the total variation, comprising 8.3, 6.7, and 5.8% each respectively. The principal coordinate analysis provided clearer groups compared with UPGMA, and the result were clustered into three groups. 'Leccion', 'Picual', and 'Ezhi' were clustered into a small group and 'Kalamata' and 'Kalinjot' comprised another small group. Only one cultivar, 'Manaki' was separated from the three main groups. (Table 1) based on SSR and ISSR data.
DISCUSSION
Discriminatory power of SSR and ISSR
SSR and ISSR marker systems were combined in this study and showed that the high polymorphism rate (Tables 3 and 4) is consistent with the results from previous reports on olive genetic diversity based on different molecular markers (Gomes et al., 2009; Souza et al., 2012; Abdelhamid et al., 2013; Asadiar et al., 2013; Trujillo et al., 2014 ). These results were tested repeatedly in different laboratories and showed stable results. This phenomenon clearly demonstrated that there is great diversity within in the olive germplasm introduced to China.
The SSR marker loci developed in olive (Rallo et al., 2000; Sefc et al., 2000; Carriero et al., 2002; Cipriani et al., 2002; De la Rosa et al., 2002; Díaz et al., 2006) were used to genotype olive cultivars.
PIC values estimate the discriminatory capacity of a marker. The average PIC value for SSR loci was 0.894 and the 32 olive cultivar PIC values ranged from 0.786 in DCA03 to 0.934 in GAPU103A. According to statistical analysis, all 13 loci PIC values were superior to 0.75, which was similar to the PIC value (0.863) reported in olive cultivars by Gomes et al. (2009) . The present study also revealed higher values of H E (0.905) and H O (0.934) than those reported in the literature (Muzzalupo et al., 2010; Trujillo et al., 2014) . One of the aims of this study was to determine loci with the power to distinguish between genotypes. In our study, the discrimination power (PD) values were greater than 0.57. However, we found that locus DCA03 has the lowest values for H E (0.785), H O (0.782), and PIC (0.768), with similar results obtained by Sefc et al. (2000) ; this might indicate a genotype problem (Ben-Ayed et al., 2014) .
Of the nine ISSR primers tested, 91.8% of polymorphic fragments were observed. In the present study, all olive cultivars could be distinguished using only two ISSR primers: UBC809 and UBC811. The high efficiency of ISSR markers to identify cultivars has been previously reported in the genetic diversity of olive cultivars (Essadki et al., 2006; El Saied et al., 2012) . The genetic similarity coefficient represents the richness of genetic diversity among olive varieties. Belaj et al. (2003) obtained genetic similarity coefficients for three types of markers. They showed that SSRs (GS = 0.36) are more efficient at distinguishing cultivated olive genotype than are AFLPs (0.56) and RAPDs (0.86). On the contrary, the discriminating capacity was SSR > AFLP > RAPD, and a similar result was reported for the discriminating capacity, SSR > ISSR. In our study, the GS was SSR (0.695) < ISSR (0.710) and the discrimination ability was SSR > ISSR.
Genetic relationships between olive cultivars
In the present study, 32 olive cultivars were clustered using similarity coefficients, and the unweighted pair group method arithmetic (UPGMA) observed similar results to those obtained by the PCA analysis. Two cultivars 'Ascolanatenera' and 'Zhong san 24' had very similar morphology, all of which have very heavy fruit (>6.13 g) and high fruit oil content (>18%). Moreover, 'Zhong san 24' was bred from seedling populations of 'Ascolanatenera' seeds. 'Greece 3#' and 'Pendoline' have high GS (0.83) in the cluster analysis. As we know, 'Greece 3#' and 'Pendoline' produce small fruits (1.5-2.0 g), but these trees could be used to pollinate new olive gardens. According to the survey, 'Pendoline' is widely distributed in local olive plantations. It revealed the high frequency of hybrids between olive cultivars. The cul-tivar 'Mixaj' was introduced in China in the 1960s from Albania and has produced a number of subspecies (Gómez-del-Campo and Connor, 2011) . In the present study, 'Mixaj Pegenit' and 'Mixaj I Dukat' are two types of 'Mixaj', and the 'Mixaj'-'Mixaj I Dukat' were clustered together having similar genetic and morphological traits.
So far, China has introduced a large number of foreign olive cultivars from the Mediterranean region. Therefore, we have found high genetic diversity in our study because of the differences between native and introduced olive species grown in China. These species could not avoid the influence of the environment and some cultivars may have experienced selfbreeding and cross-breeding (Martins-Lopes et al., 2007) .
Selection of seeding breeding is in an important way to improve olive varieties. In recent years, China has made great progress in seeding breeding. Therefore, China olive cultivars were clustered into different groups in cluster analysis. In General, some introduced cultivars cannot be clustered according to their geographical origin, but based on morphological characteristics such as use, oil content, and fruit weight.
At present, Spanish and Italian groups have established the World Olive Germplasm Bank (WOGB) and "CRA-Olive Growing And Oil Industry Research Center" (CRA-OLI) (Bracci et al., 2011; Díez et al., 2012) . We hope that the olive genetic resource can promote better protection and development.
In conclusion, the SSR and ISSR markers were reliable for the analysis of genetic relationships between these olive cultivars. The olive genotypes were evaluated according to the data, and showed that olive cultivars cultivated in China harbor high genetic diversity. Our results demonstrate the higher discriminating capacity of SSRs compared to ISSRs. This study enriches the available olive genetic resources and promotes the progression of olive breeding.
